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Abstract: The current study assesses whether the use of a gluten-free diet (GFD) is sufficient for
maintaining correct iron status in children with celiac disease (CD). The study included 101 children.
The celiac group (n = 68) included children with CD, with long (> 6 months) (n = 47) or recent
(< 6 months) (n = 21) adherence to a GFD. The control group (n = 43) included healthy children.
Dietary assessment was performed by a food frequency questionnaire and a 3-day food record. Celiac
children had lower iron intake than controls, especially at the beginning of GFD (p < 0.01). The group
CD-GFD >6 months showed a higher intake of cobalamin, meat derivatives and fish compared to that
of CD-GFD <6 months (all, p < 0.05). The control group showed a higher consumption of folate, iron,
magnesium, selenium and meat derivatives than that of children CD-GFD >6 months (all, p < 0.05).
Control children also showed a higher consumption of folate and iron compared to that of children
CD-GFD <6 months (both, p < 0.05). The diet of celiac children was nutritionally less balanced than
that of the control. Participation of dietitians is necessary in the management of CD to guide the GFD
as well as assess the inclusion of iron supplementation and other micronutrients that may be deficient.
Keywords: celiac disease; gluten-free diet; nutritional adequacy; iron deficiency anemia; children
1. Introduction
Celiac disease (CD) occurs in about 1% of people in most populations [1,2]. Diagnosis rates
are increasing, which seems to be due to a true rise in incidence that requires greater awareness
and early detection. In response to unknown environmental factors, it is believed that ingestion of
gluten promotes an immunologically mediated small intestinal enteropathy in genetically susceptible
individuals [3]. The disease primarily affects the small intestine; however, the clinical manifestations
are large, with both intestinal and extra-intestinal symptoms. Patients with CD might also present
with various deficiency states, including anemia, osteopenia or osteoporosis. Upon diagnosis, patients
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should be tested, since between 20%–38% of CD patients show nutritional deficiencies. Specifically,
12%–69% display iron deficiency, more frequent in adults than in children [4], and 8%–41% display
Vitamin B12 deficiency, and about 31% of patients with CD present low ferritin concentrations [5].
A lifelong strict gluten-free diet (GFD) is the only available treatment for CD. Improvement and
resolution of symptoms typically occur within days or weeks, and often precede the normalization
of serological markers and of duodenal villous atrophy [6]. About 20% of patients with CD have
persistent or recurrent symptoms despite having a good adherence to a GFD [7], and the nutritional
adequacy of the GFD remains controversial [8], although evidence suggests that GFD is nutritionally
unbalanced [8]. In fact, wheat is a source of iron, folates and B vitamins (thiamin, riboflavin and
niacin) and not only a major source of protein. Indeed, gluten-free products are low in these nutrients
compared to their gluten-containing equivalents [9–11].
An essential micronutrient for adequate erythropoietic function is iron, which is implicated in
oxidative metabolism, enzymatic activities and cellular immune responses [12]. Iron deficiency anemia
(IDA) is a public health problem where children are one of the weaker groups [13]. CD leads to
decreased absorption of many nutrients in duodenum-mucosal damage, including iron [14] (the site of
maximal iron absorption). Therefore, iron malabsorption is usually observed in CD and may be the
presenting clinical feature even in the absence of weight loss or diarrhea [15–17]. Although IDA is
very common in CD, it could persist after the initiation of a GFD [18]. Unfortunately, the relationship
between IDA and CD has been poorly explored.
Therefore, the purpose of the present study was to determine the importance of a GFD in the
normalization of iron metabolism in patients with CD, as well as to test the influence of the time in a
GFD on iron metabolism.
2. Materials and Methods
2.1. Subjects
The study was carried out according to the principles of the Declaration of Helsinki and
its later amendments and approved by the Ethics Committee of the University of Granada (Ref.
201202400000697). The study included 101 children aged 7–18 years old, attending the Gastroenterology,
Hepatology and Child Nutrition Service from the “Virgen de las Nieves” University Hospital in
Granada, Spain.
The control group included 43 healthy children, whose serological screening was detected to be
negative and who had no history of any chronic disease. These children attended this Service due to
minor symptoms related to chronic functional constipation, according to the Rome IV criteria. After
verifying that it was due to transitory gastrointestinal symptoms (functional constipation), they were
included in the control group. The inclusion criteria for the control group were age between 7 and 18
years, absence of serum IgA and IgG anti-transglutaminase (tTG) antibodies, normal weight for the
age, absence of gastrointestinal disorders in the previous year and normal appetite. Children with CD
diagnosed in accordance with the European Society for Pediatric Gastroenterology Hepatology and
Nutrition (ESPGHAN) [19] were included in the CD group (n = 68), which was divided into patients
on a GFD longer than 6 months (GFD > 6, n = 47) and patients following a GFD less than 6 months
(GFD < 6, n = 21). The exclusion criteria for both groups were liver or kidney diseases, acute and
chronic inflammation, inflammatory bowel disease, diabetes, chronic asthma and consumption of
dietary supplements containing substances with antioxidant activity. We also excluded obese patients
(according to the criteria of the International Task Force) [20] and those who did not sign the informed
consent. Written informed consent was obtained from all parents.
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2.2. Clinical and Socio-Demographics
Participants’ clinical and socio-demographic characteristics including age, household composition,
parents’ marital status, educational level and smoking habit were assessed by the same group
of researchers.
When IDA was detected in CD children, elemental iron was administered at doses of 3 to 5 mg
per kilogram of weight per day. When iron deficiency without anemia was detected, prophylactic
doses of elemental iron were prescribed at a dose of 2 mg per kilogram per day in two daily doses for
2–3 months [21].
2.3. Anthropometric Measures
Anthropometric characteristics (weight, height) were assessed in the control and the celiac subjects.
Height was measured to the nearest 5 mm using a stadiometer (Seca 22, Hamburg, Germany). Body
weight was measured using the same mechanical balance (Seca 200, Hamburg, Germany).
2.4. Blood Haematological and Biochemical Anaemia-Related Markers
Venous blood samples were collected into anticoagulated tubes with sodium heparin during
morning hours from fasting patients. In order to obtain plasma, blood samples were centrifuged
at 2500× g at 4 ◦C for 10 min. Plasma samples were frozen (−80 ◦C) until measurements. All
hematological and biochemical parameters studied were measured using an automated hematology
analyzer (K-1000D, Sysmex, Tokyo, Japan). The following biochemical parameters were determined:
iron, ferritin, transferrin, thyroid-stimulating hormone (TSH) and thyroxine.
2.5. Dietary Assessment
Dietary intake was assessed through a semi-quantitative 78-item food frequency questionnaire
(FFQ) previously validated in Spain by Mataix et al. [22] and a three-day food record, two on weekdays
and one on the weekend. The diary was carefully explained, face to face, by the same trained dietitian
to the children and their parents and was accompanied by detailed instructions for the compilation
and a photographic atlas including different portion size pictures and a set of household measures [23].
The survey included a daily record of all foods consumed during the different meals (breakfast,
morning snack, lunch, afternoon snack, dinner). For each meal, participants were requested to report
an exhaustive description of the food and the recipes (including cooking methods and sugar or fats
added during the meal preparation), food amount (according to the atlas) and the brands of packaged
foods consumed.
All diaries were analyzed by the same trained dietitian using the Evalfinut software that includes
the Spanish Food Composition Database [24]. The program estimated the energy intake (kilocalories)
and macronutrients (proteins, total fats, saturated fats, carbohydrates, simple sugars and fiber, expressed
in grams) and the percentage of energy provided by each macronutrient. Recommended Energy and
Nutrient Intake Levels for Spanish population [24] were taken as reference values for energy and
nutrient intake and for food group consumption. The composition of GF products was retrieved from
product labels.
2.6. Data Analyses
We employed descriptive statistics (mean, standard deviation) for quantitative variables and
percentage of participants (%) for categorical variables to describe the baseline characteristics of
the study sample. We conducted Student’s t-test to explore differences in the continuous variables.
Furthermore, we assessed differences in categorical variables by using the chi-squared test.
A one-way analysis of covariance (ANCOVA) after adjustment for age, sex and body weight was
employed to assess the differences in hematological and biochemical anemia-related markers between
the celiac and control healthy groups. An ANCOVA after adjustment for age, sex and body weight
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was also performed to explore differences in hematological and biochemical anemia-related markers
and dietary behavior between the healthy controls, the patients with a GFD in the last 6 months and
the patients engaged in a GFD less than 6 months. Significant pairwise comparisons with Bonferroni
adjustment were performed to keep the experiment error rate at α = 0.05 and to identify between which
groups the differences were significant (e.g., control healthy group vs. less than 6 months in a GFD).
The data analyses were conducted with the Statistical Package for Social Sciences (IBM SPSS
Statistics for Windows, Version 20, IBM Corp, Armonk, NY, USA), and statistical significance was set
at p ≤ 0.05.
3. Results
The baseline sociodemographic and anthropometric characteristics of the study sample are shown
in Table 1. A total of 68 children with CD participated in the study (mean age 8.5 ± 4.1 years). More
than half of the participants with CD followed a GFD for more than 6 months and met physical
activity recommendations. The control group included 43 healthy children (mean age 10.3 ± 4.5 years).
There were differences in height (p = 0.006) and weight (p = 0.002) between groups. Regarding the
hematological results, the CD group showed lower levels of hemoglobin, erythrocyte and hematocrit
compared to healthy children (p < 0.05).
Table 1. Anthropometric, clinical and sociodemographic characteristics of the study participants.
Variable Celiac Group(n = 68)
Healthy Group
(n = 43) p
Sex (female, n (%)) 52 (76.5) 20 (46.5) 0.014
Age (years) 8.5 (4.1) 10.3 (4.5) 0.025
Anthropometry
Height (cm) 129.2 (23.5) 142.2 (25.2) 0.006
Weight (kg) 30.5 (12.9) 39.6 (16.4) 0.002
Passive smoker (yes, %) 8.9 25.7 0.031
Time in gluten-free diet (%)
Not started or less than 6 months 32.9 -
More than 6 months 67.1 -
Strictly following gluten-free diet (n, (%)) 55 (85.9) 1 (1.8)
Any other celiac family member (%)
No (or unknown) 35.9 -
Siblings or parents 46.9 -
Cousins or uncles 6.3 -
Various degrees of consanguinity 10.9 -
Meet physical activity recommendations 75.5 88.9 0.161
Values shown as mean (standard deviation) unless otherwise indicated.
Differences in serum hematological and biochemical anemia-related markers between healthy
control children, patients with a GFD in the last 6 months and patients with a GFD less than 6 months are
shown in Table 2. Serum erythrocytes differed between groups (p = 0.016), with pairwise comparisons
showing lower erythrocyte counts in both groups of CD patients compared to the healthy control group
(p < 0.05). Hematocrit also differed between groups (p = 0.031), with pairwise comparisons showing
lower hematocrit concentration in the CD group following the GFD for less than 6 months compared to
the control group (38.6 ± 0.7 versus 41.0 ± 0.4, respectively, p < 0.05). Finally, hemoglobin levels differed
between groups (p < 0.05), being lower in CD groups but without pairwise significant difference.
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Table 2. Differences between healthy control children, patients with a gluten-free diet in the last 6















Erythrocytes (millions) 4.74 (0.08) a 4.80 (0.05) b 4.99 (0.05) ab 0.016
Hematocrit (%) 38.6 (0.70) a 40.0 (0.44) 41.0 (0.49) a 0.031
Hemoglobin (mg/dL) 13.2 (0.21) 13.4 (0.14) 13.9 (0.15) 0.046
Erythrocyte corpuscular volume (fL) 82.6 (1.28) 83.2 (0.80) 81.8 (0.89) 0.521
Hemoglobin corpuscular volume (fL) 28.3 (0.47) 28.0 (0.29) 27.9 (0.33) 0.744
RDW 13.3 (0.20) 13.7 (0.13) 13.5 (0.14) 0.130
Iron (µg/dL) 75.7 (8.0) 77.3 (4.5) 89.1 (5.4) 0.226
Ferritin (µg/dL) 44.3 (10.1) 41.9 (5.3) 50.3 (6.5) 0.618
Transferrin (mg/dL) 319.6 (13.3) 292.3 (8.4) 285.5 (11.6) 0.161
TSH (UI/L) 2.42 (0.25) 2.71 (0.17) 2.23 (0.18) 0.150
Thyroxine (µg/dL) 0.97 (0.03) 0.93 (0.02) 0.95 (0.02) 0.588
Values shown as mean (standard error); TSH: thyroid-stimulating hormone; RDW: red blood cell distribution
width. Model adjusted for sex, age and body weight. a,b Common superscript in a same row indicates a significant
difference (p < 0.05) between the groups. Pairwise comparisons were performed with Bonferroni’s adjustment.
Tables 3 and 4 show the total daily energy and the macronutrient and micronutrient intakes in
the three study groups, and the results from daily food group consumption, as collected by the FFQ.
Total energy daily intake did not differ between groups. There were no significant differences for
macronutrient intake. There were some differences for micronutrients involved in iron metabolism;
iron intake was lower for CD groups vs controls (p < 0.006). Selenium and magnesium intake was
lower for GFD > 6 months vs the control group (p < 0.001).
Table 3. Differences between healthy control children, patients with a gluten-free diet in the last 6















Energy intake (Kcal/day) 1790 (150.5) 1814 (75.1) 1870 (88.9) 0.861
Fat (g/day) 60.3 (8.4) 78.1 (4.2) 75.9 (5.0) 0.171
Protein (g/day) 68.8 (7.5) 70.0 (3.5) 77.0 (4.2) 0.409
Fiber (g/day) 18.8 (1.7) 14.2 (0.8) 15.7 (1.0) 0.056
Carbohydrates (g/day) 179.3 (19.3) 200.1 (9.94) 212.6 (11.7) 0.376
Folate (µg) 159.8 (17.6) a 159.0 (9.0) b 191.4 (10.6) ab 0.075
Cobalamin (µg) 4.04 (1.99) a 7.50 (1.00) a 6.50 (1.18) 0.289
Calcium (mg) 741.8 (99.7) 732.1 (49.7) 798.1 (58.9) 0.701
Iron (mg) 7.32 (0.99) a 7.61 (0.49) b 10.1 (0.58) ab 0.006
Iodine (µg) 74.4 (9.4) 75.7 (6.3) 88.8 (6.8) 0.313
Magnesium (mg) 174.8 (18.4) 165.6 (9.23) a 206.9 (10.9) a 0.022
Selenium (µg) 52.3 (7.0) 45.5 (3.5) a 68.9 (4.2) a <0.001
Zinc (mg) 6.50 (0.70) 5.81 (0.35) 7.11 (0.42) 0.070
Values shown as mean (standard error); s, servings; m, month; wk, week. Model adjusted for sex, age and body
weight. Upper case a,b letters in the same row indicate a significant pairwise difference (p < 0.05) between groups
with the same letter. Bonferroni’s correction for multiple comparisons was applied to analyze pairwise differences.
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Table 4. Differences between healthy control children, patients with a gluten-free diet in the last 6















Chicken (s/m) 9.6 (3.3) 10.9 (2.2) 15.8 (2.3) 0.221
Beef (s/m) 3.7 (0.71) a 3.2 (0.47) a 3.5 (0.47) 0.802
Pork (s/m) 4.9 (1.40) 7.7 (0.94) 6.5 (0.96) 0.256
Cured ham (s/m) 7.1 (2.09) ab 13.7 (1.40) a 13.0 (1.40) b 0.034
Ham (s/m) 7.1 (2.68) a 13.6 (1.79) ab 7.3 (1.81) b 0.030
Tukey(s/m) 10.4 (3.27) 10.3 (2.19) 8.59 (2.21) 0.843
Meat derivatives (s/m) 5.5 (2.81) a 13.5 (1.88) ab 7.0 (1.90) b 0.020
Viscera (s/m) 0.13 (0.19) 0.34 (0.13) 0.11 (0.13) 0.440
White fish (s/m) 3.8 (0.9) a 5.9 (0.7) 7.3 (0.7) a 0.025
Blue fish (s/m) 3.1 (0.7) 4.0 (0.5) 5.1 (0.5) 0.104
Lentils (s/m) 3.5 (0.87) 4.3 (0.58) 3.7 (0.59) 0.661
Grouped fish and seafood (s/m) 14.1 (2.86) a 22.8 (1.89) a 21.4 (1.88) 0.044
Grouped red meat and subproducts (s/m) 28.5 (5.13) a 52.1 (3.43) a 37.4 (3.47) < 0.001
Olive oil (s/m) 50.1 (10.9) 61.7 (7.35) 68.7 (7.43) 0.407
Nuts (s/m) 6.46 (6.73) 9.33 (4.24) 18.4 (4.33) 0.232
Values shown as mean (standard error); s, servings; m, month; wk, week. Model adjusted for sex, age and body
weight. Upper case a,b letters in the same row indicate a significant pairwise difference (p < 0.05) between groups
with the same letter. Bonferroni’s correction for multiple comparisons was applied to analyze pairwise differences.
The differences in dietary habits of the study participants between the control group, the celiac
children following a GFD for at least 6 months and the celiac children following a GFD for less than
6 months are shown in Table 3. The children with CD who followed a GFD for at least 6 months
showed a higher intake of cobalamin, meat derivatives and fish when compared with those patients
who followed a GFD for less than 6 months (all, p < 0.05). The children in the healthy control group
showed a higher consumption of folate, iron, magnesium, selenium and meat derivatives than those
children with CD following a GFD for at least 6 months (all, p < 0.05). The children in the control group
showed a higher consumption of folate and iron compared with the children with CD following a GFD
for less than 6 months (both, p < 0.05).
4. Discussion
The main findings of the present study indicate that patients with CD showed lower levels
of hemoglobin, erythrocyte and hematocrit compared to healthy children, although neither group
presented average values compatible with anemia, nor microcytosis. Regardless of the GFD tracking
time, those patients following a GFD for more than 6 months showed a lower hematocrit than healthy
controls. Moreover, both CD groups had lower iron and folate intake than the healthy controls. In
addition, a lower intake of magnesium and selenium was also observed in patients with CD who had
followed a GFD for more than 6 months compared to the control group. Finally, the children with CD
who had followed a GFD for less than 6 months showed a lower cobalamin intake compared to those
with a greater period of adherence.
In our study, there were 52 (76.5%) celiac females vs 20 (46.5%) healthy females, a sample that
is representative of the real incidence of CD by sex [25] and consistent with other similar ones [26].
Moreover, the groups differed in age and weight, but we controlled all the analyses for such covariates.
It is well known that CD is a cause of anemia as a result of malabsorption of iron, folic acid
and cobalamin [5]. IDA is a frequent finding in patients with CD and adherence to a GFD may be
sufficient to reverse IDA and iron deficiency, although both may persist despite a good adherence to a
GFD [7,23]. In fact, in the present study, erythrocyte count, hemoglobin and hematocrit were lower
in CD patients compared to healthy controls. However, these patients cannot be considered anemic
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(despite hemoglobin was lower in CD groups, these values were within the normal range for its age). It
is possible that the non-presence of IDA in our patients with CD may be due to the fact that, in addition
to the GFD, all children who presented IDA at the time of the diagnosis of CD were prescribed oral
iron supplements (ferrous sulfate). This fact could induce a normalization of both the IDA and ID
indicators in the first months of treatment, despite the fact that dietary iron intake was lower than
recommended [22]. A strict monitoring of the GFD leads to the remission of clinical symptoms, the
normalization of serological markers of CD and the recovery of the histological lesion in the small
intestine, but the IDA and/or the ID may take a long time in recovering, between 6 months and a year
or even longer [17,23]. In addition, it should be taken into account that anemia is present in 22%–63%
of patients with CD at the time of diagnosis [15]; the more severe the villus lesion of the intestine, the
higher the incidence of anemia [27].
In addition to ID, it is known that in CD there are other micronutrient deficiencies (copper, zinc,
folic acid and vitamins A, D, E, K, B6 and B12) as a consequence of the malabsorption [28]. Gluten is
found in cereals rich in the referred micronutrients, so a GFD may predispose to its deficiency [29].
In our study, children with CD who followed a GFD for more than 6 months had a lower intake of
folic acid, magnesium and selenium than the control group. These data are consistent with those
reported in other studies [30–32] that described a lower intake of folic acid, magnesium and selenium,
among other micronutrients. Folate intake in children with CD has been poorly investigated, and
there are data that indicate lower folate intake with a GFD [33]. One of the factors that could also
explain the differences found in the study in relation to micronutrient intake is the pattern of the diet.
However, when we evaluate the frequency of consumption of the different food groups, we only found
differences in the intake of meat derivatives that was higher in patients with CD who had followed the
GFD for at least 6 months, compared with the control group (p < 0.020); these results that have also
been described previously [26].
Daily energy intake does not meet Recommended Daily Intake for Spanish population [24] since
these are around 2000 kcal for children aged 6 to 9 years and 2400 kcal for children aged 10 to 12
years. With respect to food group consumption, as collected by FFQ, CD > 6 consumed more red
meat and subproducts, which has been described in CD by other authors [26]. The daily intake of
carbohydrates and the energy intake provided by carbohydrates were lower in the CD < 6 group,
although not significantly, and in all groups the percentage of energy supplied by carbohydrates
reached the recommendations [24]. Several studies have shown that children have a high risk of
consuming excess fats, and that this problem may be increased in patients with CD, because GF bakery
products have a higher total fat content and saturated fat [34]. This higher fat intake may predispose to
suffer from overweight and obesity, although there are no consistent data to support this fact [35]. In
our study no increase in total fat intake was observed.
Previous studies [36] revealed, through a skin model derived from fibroblasts, the importance
of nutrient restriction in early stages of life, being one of the earliest determining factors that mark
accelerated aging. Fibroblasts have been associated with resistance to multiple forms of cellular stress
and with DNA repair mechanisms, increased proteastasis, and resistance to cellular senescence. In
CD, it is known that there is an uncontrolled activation of the proinflammatory pathway [37] that
maintains the production of free radicals that causes oxidative stress through the increase of reactive
oxygen species and consequent damage to cellular DNA [38], and it has been documented that chronic
inflammation may be involved in at least a third of cancer cases worldwide [39], so it is essential to
ensure a correct balance of micronutrients from childhood.
Another problem that is usually described in children with CD is a low fiber intake due to the
lower content of it in the flours used for the manufacture of GF products [40]. In the present study, all
children covered the recommended daily intakes due to the consumption of GF vegetables and grains
with a fiber content similar to wheat [35]. Data from a study conducted in Spanish children with CD
also showed that fiber intake was adequate [41].
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In general, patients with CD who participated in the present study were well controlled from a
nutritional point of view, and the majority (86%) was aware of the dietary recommendations to be
followed (strict GFD) and the performance of physical activity. It has been described that higher levels
of adherence to a GFD are positively associated with the perceived adoption of healthy behaviors [42].
In fact, among our patients, it seems that low compliance could be related to a lack of nutritional
knowledge and that over time they would acquire more information and there would be greater
adherence to the GFD. This is achieved through medical visits during the follow-up of the disease
and the participation and dedication of the dietitian, essential for the acquisition of knowledge and
obtaining positive reinforcement [43,44].
5. Strengths and Limitations
The present study sample size was relatively small, and, consequently, the present results must
be interpreted with caution. Based on the present findings, it is advisable to recruit a higher number
of participants to render the obtained results with more statistical relevance. Moreover, the groups
differed in age, weight and sex, but we controlled all the analyses for such covariates. On the other
hand, this is the first study exploring the effect of nutritional adequacy of the GFD and the influence of
the time following this GFD on iron status.
6. Conclusions
In conclusion, CD may be associated with iron deficiency, due to malabsorption, but also as a
result of a poor adherence to a balanced GFD; it is not clear what percentage each factor influences. We
believe that the participation of dietitians in the management of the disease is necessary to guide the
GFD, to make the diet more balanced, as well as to fortify it in iron and other micronutrients such as
folate that may be deficient.
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